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R.VBBIT :  Cognitiv e Scienc e i n Interfac e Desig n 

by 

Micliae !  D .  William s 
Frederic h N .  T o u 
Richar d E .  Filce s 

Austi n Henderso n 
Tliotn.'i s  Malon e 

Cognitiv e an d Instructiona l  Science s Grou p 
X E R OX Pal o Alt o Researc h Cente r 

Pal o Alto ,  Californi a 

Abstrac t 

A new kind of user interface for information retrieval has 
bee n designe d an d implemente d t o ai d user s i n 
formulatin g a  query .  Th e system ,  calle d R A B B I T ,  relie s 
upo n a  ne w paradig m fo r  retrieva l  b y reformulation ,  base d 
on a  psych o ogica l  tlieor y o f  h u m a n lemembering .  Th e 
paradig m actuall y evolve d fro m a n explici t  attemp t  t o 
desig n a  'natural '  interfac e whic h imitate d h u m a n relreiva l 
processes . 
To make a query in RABBIT, the user interactively refines 
partia l  description s o f  hi s targe t  !tcm(s )  b y criticizin g 
successiv e e.\ampl e (an d counterexample )  instance s tha t 
satisf y th e curren t  partia l  descripiion .  Instance s fro m th e 
databas e ar e presente d t o th e use r  fro m a  perspectiv e 
in/erre d fro m th e user' s quer> '  descripdo u an d th e structur e 
of  di e knowledg e base .  A m o n g odie r  diings ,  thi s 
constructe d perspectiv e remind s user s o f  likel y term s t o 
use i n thei r  descriptions ,  enhance s thei r  understandin g o f 
th e meiinin g o f  give n terms ,  an d prevent s the m fro m 
creatin g certai n classe s o f  semanticiill y  imprope r  quer y 
descriptions .  R A B B I T paiticularil y  facilitate s user s w h o 
approac h a  ±;tabas e wit h onl y a  vagu e ide a o f  wha t  i t  i s 
dia t  the y wan t  an d w h o dius ,  nee d l o b e guide d i n th e 
(rc)formulatio n o f  thei r  queries .  R A B B I T i s sils o o f 
substantia l  valu e t o casua l  user s w h o hav e limite d 
knowledg e o f  a  give n databas e o r  w h o mus t  dea l  wit h a 
multitud e o f  databases . 

1.  Introductio n 

One way to test a theory is to try to do something useful 
wit h i t  W e hav e take n a  cognitiv e theor y o f  h u m a n 
rememberin g togethe r  wit h som e artificia l  intelligenc e 
idea s abou t  knowledg e representario n an d use d i t  t o 
desig n a  ne w paradig m fo r  databas e retrieva l  interface s fo r 
casua l  users .  Th e paradig m i s calle d retrieva l  b y 
reformulation .  A  smal l  experimenta l  syste m base d o n dii s 
ne w paradig m ha s bee n implemente d i n th e Smalltal k 
jrogrammin g languag e [Ingalls ,  1978 )  usin g KloneTal k 
Pikes ,  1981 ]  o n th e Xero x Dolphi n an d Dorad o persona l 

computers . 
Part of the motivation for designing a new kind of 
databas e interfac e wa s di e unsuitabilit y  o f  existin g 
datal.ias e interface s fo r  casua l  users .  S o m e databas e 
interface s (e.g. ,  S Q U A RE Boyc e e t  al ,  1975 )  an d S Q L 
[Chamberli n e t  al ,  1976 )  requir e m a n y hour s o f 
mstructio n t o learn ;  other s hav e a  synta x whic h user s find 
difficul t  t o us e an d understan d (e.g. ,  th e boolea n 
expression s o f  D I A L O G [Lockheed ,  1979]) .  Interface s 
base d o n th e relationa l  dat a mode l  (Codd ,  1970 ]  usuall y 
requir e th e use r  t o kno w i n advanc e whic h table s an d 
attribute s h e wil l  b e needing ,  whil e usen s o f  networ k 
database s (suc h a s Z O G H^obertso n e t  al. ,  1981] ) 
frequcnd y ge t  los t  durin g th e cours e o f  thei r  search . 

T o hel p solv e thes e problem s w e looke d fo r  inspiratio n t o 
Uieorie s o f  h o w peopl e retriev e informatio n for m thei r 
o wn memory .  W e believ e thi s approac h i s promisin g fo r 
tw o primar y reason :  (J )  T o th e exten t  dia t  th e interfac e 
betwee n a  perso n an d hi s externa l  memor y i s lik e th e 
interfac e betwee n th e perso n an d hi s interna l  memor y th e 
externa l  memor y ma y b e easie r  an d mor e narura l  t o use , 
an d (2 )  t o di e exten t  tha t  h u m a n m e m o r y system s embod y 
a 'solution '  t o th e problem s o f  retreivu l  fro m larg e 
heterogeneou s databases ,  the y ma y provid e usefu l  insight s 
abou t  h o w t o desig n simila r  artificia l  systems . 
We began our design process by conjecturing an interface 
whic h pemiitte d descriptiv e retreival .  Th e basi c tene t  o f 
descriptiv e retrieva l  i s  tha t  peopl e retriev e informatio n 
from  (thei r  o w n )  memor y b y iterativel y constructin g 
partia l  description s o f  th e desire d targe t  ite m [Bobro w an d 
Norman ,  1975 ;  N o r m a n an d Bobrow ,  1979 ;  William s 
and Hollan ,  1981] .  Th e proble m w;i s dia t  ou r  conjecture d 
syste m appeare d t o giv e u s littl e mor e tha n th e traditiona l 
boolea n expressio n scheme s suc h a s D I A L O G .  W e simpl y 
replace d di e technica l  ter m 'keyword '  wii h di e ter m 
'desrciptor. '  Thi s le d u s t o a  re-examinatio n o f  th e 
problem s inheren t  i n boolea n expressio n interfaces . 
Upon consideration we conjectured that there were three 
majo r  source s o f  difficult y fo r  casua l  user s o f  interface s 
biise d upo n boolea n expression s o f  keywords :  (1 )  th e use r 
has incomplet e knowledg e abou t  th e descriptiv e term s 
neede d t o creat e a  auer y (e.g .  wha t  ca r  color s doe s di e 
databas e kno w about *  red ,  crimson ,  rose ,  mauve?) ,  (2 )  th e 
use r  doesn' t  knov /  wha t  kin d o f  attribute s o f  th e item(s )  h e 
i s seekin g di e databas e recognize s (e.g .  doe s di e databas e 
eve n ha s a n attribut e fo r  ca r  color?) ,  an d (3 )  man y user s 
find  th e synta x o f  comple x boolea n expression s diflicul t  t o 
understand . 
Yet, if people actually recall information by descriptive 
retreiva l  the n the y mus t  fac e th e sam e problems ;  die y 
must  hav e som e tric k t o ge t  b y thos e problems .  W e foun d 
suc h a  tric k i n retrieva l  b y instantiation .  Retrieva l  b y 
instantiatio n postulate s dia t  th e informatio n retrieve d a t 
eac h iteratio n o f  th e retrieva l  proces s i s ofte n i n th e for m 
of  a n instannation ,  i.e. ,  a n exampl e ite m suggeste d (e.g. , 
analogicall y o r  metaphorically )  b y th e partia l  descriptio n 
[Williams ,  1981] .  Th e c o m m o n consequenc e o f  suc h a n 
instantiatio n i s tha t  on e i s 'reminded '  o f  somethin g simila r 
t o th e origina l  ite m [Schank .  1980 ;  Kolodner ,  1980 ; 
Bower .  Turner ,  lui d Black ,  1979] .  W e conjectur e tha t  thi s 
remindin g serve s t o counte r  a l  dirc e o f  th e problem s 
note d fo r  boolea n expressio n schemes .  Ta< i  instantiation s 
provid e a  templat e fo r  describin g th e targe t  item ,  acces s t o 
th e descriptiv e terms ,  an d ca n provid e tl; e basi s fo r  a n 
incrementa l  reconstructio n o f  th e targe t  ite m tha t  avoid s 
m u ch o f  th e complexit y inheren t  i n highl y structure d 
descriptions . 
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1 Retrieva l  b y Refonnuliitio n 

The basic principle imdcrlying RABUIT is a new 
paradigm ,  retrieva l  b y reformulation ,  fo r  informatio n 
retrieva l  elabi)rtttc d fro m tli e notiot i  o f  retrieva l  b y 
ii\stantiation .  T h e use r  make s a  quer y b y llî t  consluictin g 
a partia l  descriptio n o f  th e item(s )  i n th e databas e fo r 
whic h h e i s icaiching .  R A B B I T the n provide s a 
descriptio n o f  a n exampl e instanc e fro m th e databas e 
whic h matche s th e user' s partia l  description .  Sinc e i t  i s 
unKkel y tha t  ili c  firs t  instanc e wil l  b e exactl y wha t  th e use r 
Is lookiii g fo r  th e u'jc r  car .  the n selec t  ;an y u f  th e attribute s 
shov. n i n tit e t.rampl e an d incorporat e thos e descriptors , 
or  variation s o f  ihern .  int o hi s partia l  description ,  thus , 
re/onnulaiin g hi s initia l  query .  A t  an y lim e th e use r  ca n 
reques t  a  ne w exainnl e instance ,  on e whic h matche s th e 
lates t  versio n o f  hi s (pariiar i  description ,  an d the n us e th e 
descriptor s o f  tha t  ne w instanc e t o retln e hi s quer y 
descriptio n stil l  furdier . 
Figure 1 shows RABBIT in the midst of a retrieval 
interaction .  T h e interfac e consist s o f  fou r  primar y windo w 
panes .  Th e 'Description '  pan e specifie s a n implicid y 
define d boolea n expressio n tha t  appear s t o th e use r  a s a 
partia l  descriptio n o f  th e item(s )  h e i s seeking .  T h e 
Example '  pan e contain s a n exampl e ite m tha t  matche s th e 

pania l  descriptio n a s o f  th e las t  use r  initiate d retrieva l 
cycl e fro m th e R A B B I T define d perspective .  M o r e 
precisely ,  i t  contain s a  descripdon ,  calle d th e image ,  o f  a n 
instanc e fro m som e well-define d perspectiv e (e.g. ,  " S T A R 
801 1 computer "  ca n b e viewe d fro m th e perspective s o f  " a 
manufacture d product, "  " a computer, "  "a n electroni c 
device, "  " a piec e o f  offic e equipment, "  an d " a piec e o f 
stoc k i n a  store. "  ) .  T h e 'Matchin g Examples '  pan e list s 
instance s whic h satisf y th e partia l  descripdo n a s o f  th e las t 
retrieva l  cycle .  T h e "Previou s Description "  pan e contain s 
th e descriptio n use d o n th e las t  retrieva l  cycl e whic h 
determine s th e perepectiv e fo r  presentado n o f  th e exampl e 
and th e lis t  o f  matchin g examples .  T h e exampl e pan e 
c o m m a nd pop-u p m e n u i s als o displaye d 
The example instance mentioned above is a central 
elemen t  o f  di e interface .  I t  serve s severa l  purposes :  i t 
fiinctions  a s a  template ,  i t  permit s acces s t o addiuona l 
descriptors ,  i t  provide s semanti c resolutio n o f  potentiall y 
ambiguou s terms ,  an d i t  frequend y serve s a s a 
counterexample . 
The example instance is a template in the sense that its 
presentatio n provide s a  patter n fo r  makin g a  quer y usin g 
th e descriptor s i n di e instance' s image .  I t  permit s acces s t o 
ne w descriptiv e term s throug h di e alternative s an d 
describ e c o m m a n d s elaborate d below . 
It also provides semantic resolution in that the context of a 
temi  suc h a s th e rol e nam e 'manufacturer '  establishe s an d 
refine s th e term' s meaning .  Th e rol e n a m e 
'manufacturer: '  coul d refe r  t o a  perso n o r  a  natio n o r  a 
corporation .  Th e statemen t  'manufacturer :  Xerox '  i n di e 
contex t  o f  a  descriptio n o f  a  compute r  produc t  help s 
resolv e a  hos t  o f  potentia l  meanings . 
Tlie example instance is also a counterexample to the 
user' s intention s wheneve r  i t  i s  no t  exactl y wha t  di e use r  i s 
lookin g for .  Rudie r  tha n simpl y permittin g th e use r  t o 
expres s hi s displeasur e wit h th e counterexampl e an d hav e 
R A B B I T Ir y t o gues s wha t  i s wron g wid i  it ,  th e syste m 
trie s t o encourag e th e use r  t o articulat e wha t  i s wron g wid i 
di e instanc e presented .  Tli e counterexample' s sunpl e 
presenc e serve s t o remin d th e use r  tha t  hi s quer y 
descriptio n i s incomplet e o r  wron g and ,  i n addition ,  poin t 
out  ih c particula r  part s o f  hi s descriptio n iha t  nee d 
correctio n o r  modification . 
Finally, since the amount of information known about the 
retrieve d instanc e coul d b e considerable ,  th e informatio n 
actuall y presente d i n th e imag e i s limite d t o b e onl y tha t 
informatio n whic h ca n b e inferre d t o b e relevan t  base d o n 

th e quer y descriptio n th e use r  ha s give n s o far .  (E.g. , 
informatio n concernin g th e dinne r  m e n u o r  hous e 
specialt y o f  a  give n restauran t  woul d b e availabl e fro m th e 
perspectiv e o f  " a plac e whic h serve s food "  bu t  no t  fro m 
di e perspectiv e o f  " a business. "  S o i f  di e use r  ha d begu n 
hi s quer y wit h th e descripto r  'Rusiness' ,  die n di e imag e o f 
di e retrieve d instance ,  eve n i f  i t  i s  a  restaurant ,  woul d not , 
initially ,  includ e informatio n abou t  it s dinne r  menu. ) 

The current implementation of RABBIT supports a small 
set  o f  5  basi c operation s fo r  creatin g a  quer y descriptio n 
give n di e descriptor s provide d i n di e imag e o f  th e exampl e 
instance .  Thes e operations ,  show n i n figure  1 ,  ar e requir e 
an d prohibi t  (whic h specif y dia t  th e give n descripto r  i s  o r 
i s  no t  t o b e a  descripto r  o f  di e retrieve d instance , 
respectively) ,  alternative s (whic h present s di e use r  wid i  a 
popu p m e n u o f  alternativ e descnptor s t o th e give n one) , 
specializ e (whic h show s th e specialization s o f  di e give n 
descriptor) ,  an d describ e (whic h allow s th e use r  t o 
examin e a  descriptio n o f  a  give n descripto r  o r  t o describ e 
recursivel y wha t  dia t  descripto r  shoul d be) .  T h e describ e 
c o m m a nd provide s th e use r  wid i  th e capabilit y  t o buil d 
ernbeilde d descriptions ,  a n exampl e o f  whic h appear s i n 
figure  1  wit h th e valu e o f  di e attribut e 'disk '  bein g itsel f  a 
description .  [Tou ,  1982 )  an d (Tou ,  Williams ,  Fikes , 
Henderson ,  an d Malon e 1982 1 contai n a  mor e complet e 
discussio n o f  th e paradig m o f  retrieva l  b y reformulatio n 
an d th e use r  interfac e t o R A B B I T . 

This paradigm of retrieval by reformulation, in effect, 
define s a  for m o f  interactio n b y whic h R A B B I T ca n as.̂ is t 
casua l  user s i n formulatin g queries .  M u c h o f  th e 
intelligenc e o f  R A B B I T come s fro m contro l  o f  dii s 
interactio n b y appealin g t o di e conceptua l  structur e o f  th e 
database . 

3. Perspectives 
The KL-ONE epistemology for representing knowledge 
[Brachman ,  1979 ]  ha s ha d a  majo r  influenc e o n di e 
developmen t  o f  R A B B I T .  O n e o f  th e mai n use s o f  K L -
O NE i s th e implementatio n o ^  perspectives .  A  perspectiv e 
i s simpl y a  wa y o f  describin g a n even t  o r  ite m fro m a 
particula r  viewpoin t  JBobro w an d Nonnaii ,  1975 ,  Bobro w 
an d Winograd ,  1977 ,  Goldstei n an d Bobrow ,  1980 , 
Goldstein ,  1980] .  I n R A B B I T ,  a  perspectiv e specifie s 
whic h descriptor s ar e include d i n di e imag e o f  an y 
instanc e presente d t o th e user .  R A B B I T perspective s ar e 
dynami c i n tha t  th e perspectiv e fro m whic h th e use r  view s 
di e instance s i n th e databas e change s dependin g o n th e 
curren t  partia l  descriptio n an d o n wher e h e i s withi n th e 
database . 

There are two distinct mechanisms RABBIT uses to 
construc t  a  perspective .  Firs t  i t  filters  di e attribute s t o b e 
presente d t o a  use r  b y includin g onl y attribute s implicitl y 
acknowledge d b y th e user .  Sinc e th e partia l  descriptio n i s 
a representatio n o f  th e user' s inten t  t o th e computer ,  tha t 
descriptio n i s a  legitimat e basi s fo r  determinin g wha t 
informatio n t o includ e i n th e imag e o f  th e exampl e 
instance .  I n R A B B I T th e attribute s include d i n th e imag e 

•ar e exacd y thos e tha t  belon g t o th e instanc e classe s 
occurrin g i n di e partia l  description .  Fo r  example ,  i f  on e 
wer e t o se e th e compute r  descibe d i n figure 1  retrieve d 
unde r  th e partia l  descriptio n 'Product '  (i.e .  widiou t  th e 
descripto r  Computer' )  the n onl y di e attribute s 'name' , 
'manufacturer' ,  an d 'cost '  woul d b e presented .  Onc e th e 
use r  refine s di e partia l  descriptio n t o specif y dia t  h e i s 
seekin g a  computer ,  additiona l  attribute s (e.g .  'disk:, ' 
'cpu:, '  ... )  woul d appear . 

A second mechanism for creating perspectives actually 
extend s th e perspectiv e o f  an y give n instanc e beyon d 
attribute s direed y hel d b y th e object .  Not e i n figure 1  dia t 
becaus e th e use r  ha s create d a n embedde d dcsciiptio n 
abou t  th e dis k o f  th e compute r  sought ,  aspect s o f  th e dis k 
tha t  th e use r  consider s importan t  (e.g .  capacity )  hav e bee n 
compresse d int o th e imag e o f  th e computer . 
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Peripective s serv e fou r  mai n function s i n th e RA13BI T 
interface : 

-controlling the type and amount of information 
presente d 
--facilitatin g th e user' s understandin g o f  instance s 
-enforcin g certai n kind s o f  semanti c consistenc y 
-organizin g an d managin g hetero>jcncou s data . 
4. Summary 

This paper has briefly described the process of designing a 
nove l  typ e o f  databas e interfac e name d RABBIT . 
R A B B I T relie s o n a  ne w paradig m fo r  informatio n 
retrieval ,  itnieva l  b y reformulation ,  derive d iVo m a 
cognitiv e scienc e theor y o f  humaj \  rememberin g loyethe r 
wit h som e uitificia l  intelligenc e idc.t s abou t  knowledg e 
representation .  Tli e fou r  mai n idea s underlyin g thi s 
paradig m are : 
1) retrieval by constructed descripuons 
2)  interactiv e constructio n o f  querie s 
3)  critiqu e o f  exampl e instance s 
4)  dynami c perspecdves . 
Tile fu-st diree of these ideas had their origins in human 
psychology .  Th e developmen t  o f  th e fourt h 
idea—dynami c perspectives—wa s motivate d an d 
influence d strongl y b y th e K L - O N E knowledg e 
representatio n language . 
Cognitive Science has played a crucial role in the design of 
RABBIT.  W e tak e th e tentativ e succes s o f  th e desig n a s 
an iiidicado n o f  th e potentia l  rol e o f  cogniuv e scienc e i n 
th e desig n o f  human-compute r  interfaces . 
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Figur e 1 .  Exampl e o f  RABBI T display . 
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